Evidence is presented of an endogenous rhythm in flowering response to far-red (FR) irradiation, with a period of about 12 h (hence semidian rhythm), which persists through at least three cycles in constant conditions of continuous light at 27°C and has a marked influence on the flowering response in Pharbitis nil to a subsequent inductive dark period. The phase of the rhythm is not influenced by real time nor by the time from imbibition or from the beginning of the light period. Rather, it is fed forward from the beginning of the FR interruption to the beginning of the inductive dark period. The period of the rhythm is not affected by irradiance but is longer at cooler temperature. When there are two FR interruptions during the preceding light period, it is primarily the later one which determines the phase of the rhythm, although some interactions are evident. There appears to be an abrupt rephasing of the rhythm at the beginning of the inductive dark period. No overt rhythms which could be used as "clock hands" for the semidian rhythm were detected in photosynthesis, stomatal opening, or translocation.
ABSTRACT?
Evidence is presented of an endogenous rhythm in flowering response to far-red (FR) irradiation, with a period of about 12 h (hence semidian rhythm), which persists through at least three cycles in constant conditions of continuous light at 27°C and has a marked influence on the flowering response in Pharbitis nil to a subsequent inductive dark period. The phase of the rhythm is not influenced by real time nor by the time from imbibition or from the beginning of the light period. Rather, it is fed forward from the beginning of the FR interruption to the beginning of the inductive dark period. The period of the rhythm is not affected by irradiance but is longer at cooler temperature. When there are two FR interruptions during the preceding light period, it is primarily the later one which determines the phase of the rhythm, although some interactions are evident. There appears to be an abrupt rephasing of the rhythm at the beginning of the inductive dark period. No overt rhythms which could be used as "clock hands" for the semidian rhythm were detected in photosynthesis, stomatal opening, or translocation.
Although the effects ofR2 and FR interruptions during a single inductive dark period on flowering in Pharbitis nil Chois. seedlings have been widely examined (16, 18) , less attention has been given to the effect of R and FR interruptions of light preceding the inductive dark period.
The experiments of Marushige and Takimoto (10) suggested that, with young seedlings, there was no obligate high intensity light process before the inductive dark period, and those ofFriend (3) indicated that two brief exposures to R, 24 h apart, sufficed to give some flowering. Ogawa and King ( 11) showed that one brief exposure to R iust before the dark period sufficed when BA was applied to the seedlings at the time of R irradiation.
Takimoto and Hamner (17) suggested that the extent of flowering in Pharbitis nil was influenced by two circadian (-24 h) rhythms, one initiated by the beginning of the inductive dark period, the other from the start of the preceding light period. Spector and Paraska (15) presented evidence for a circadian rhythm affecting flowering response in Pharbitis seedlings, which they subsequently (14) response. Lumsden et al. (9) found that the rhythmic response to an R interruption of an inductive dark period was influenced, in its phasing, by the preceding light treatment and concluded that flowering in Pharbitis was controlled by a single circadian rhythm initiated by a light-on signal. Besides the circadian rhythm in flowering response to the timing of an R interruption during the inductive dark period, evidence for an approximately 12 h periodicity in the photoconversion characteristics of phytochrome in Pharbitis cotyledons has been found (8) .
The experiments presented here grew out of those by King (6) -16 h and inhibition at -8 and -20/-22 h is apparent, as in curves 3 and 4 and in many other experiments (e.g. Figs. 2 and  6 ). When the level of flowering in the controls is low, as in curve 5, the -2/-4 h peak is still high but the earlier peak (-16 h) is less pronounced, and there is little scope for inhibition to be expressed. With high flowering in the controls, on the other hand, there is little scope for promotion because flower number is usually limited to 8 to 9 by the formation of terminal flowers (16) , but the inhibitory trough at -8 h remains strong (e.g. curve 2) although that at -22 h is not always marked (e.g. curve 1).
For the experiments in Figure 3 , all seedlings were in darkness for 76 h from the time of acid treatment of the seed, but the subsequent period in light was 48 (curve 4), 54 (curve 1), or 60 h (curves 2, 3, and 5). Were the phase of the -12 h rhythm determined by the initial light-on signal, as appears to be the case for the circadian rhythm (14), we would expect the periodicity in curve 1 to be displaced from the others by about 6 h, but this is not so. Nor was evidence of such displacement apparent in other experiments. Start of interruption-hours before dark inhibition whether the light-on signal was 63, 66, 69, or 72 h before the light-off signal. In that experiment, all seedlings were in darkness initially for the same length of time and FR interruptions were given at the same real time, but at different times before the beginning ofthe inductive dark period across the four series of treatments (cf Fig. la, 2-5 ).
The results of these experiments and of those outlined in Figure ld , 13 to 15, rule out any consistent influence ofreal time (or of exogenous rhythms) on the effects of FR interruptions on flowering response. In all the examples in Figure 3 the initial period in darkness was 76 h but this was also varied, from 64 to 88 h both between and within experiments, the overall time from acid treatment ofthe seed and imbibition to the beginning ofthe inductive dark period being either 136 h (Fig. lb) or 148 h (Fig.  Ic) . The phasing of the inhibitory and promotive effects of 90 min FR were always the same when plotted, as in Figures 2 to  4 , in relation to the beginning of the inductive dark period. This observation holds true for all our experiments regardless of the lengths of (a) the initial period in darkness after imbibition, (b) the subsequent period in light, and (c) the inductive dark period itselfwithin the range of 10 to 13 h.
We conclude that the effect of the -12 h (hence, semidian) rhythm in response to interruptions ofthe light by FR exposures for 90 min is determined by the phase of that rhythm at the beginning of the inductive dark period, i.e. at the time of the light-off signal, and not by the preceding light-on signal as is apparently the case for the circadian rhythm analyzed by Paraska and Spector (14) .
Effect of Temperature and Irradiance. The effect of temperature during the last 24 h in light before the inductive dark period on the effect of FR interruptions was examined in two experiments, the results of which are presented in Figure 5 . At the lower temperature (20 cf 27C) a longer inductive dark period (13 or 13.5 cf 12 or 12.5 h at 27C) was needed to obtain a comparable level of flowering, but even then the flowering response after 20°C was low (Fig. 5a ), so the results for percentage of plants flowering are also given (Fig. Sb) . This form ofthe data makes it clearer that the semidian rhythm was also present at the lower temperature but with a rather longer period. From a proximate peak at -2 h the earlier peak was -14 h at 27°and -18 h at 20C, giving a Qio of 1.9. Higher irradiance for 70 (Fig. la, 1 ). Only one interruption (x); the other curves are plotted for the start of the second 90 min interruption following a first interruption at 28 h (0), 22 hr (A), 18 h (V), 14 h (0), 11 h (U), or 8 h (0). The straight line represents the control.
LSD values relate to all treatments at that particular time. response is largely determined by the time at which the second FR interruption, i.e. the one closer to the inductive dark period, is given, although some interactions with the first interruption are apparent, as discussed below. The promotive effect of a single exposure to 90 min FR beginning at 28 h before the dark period is turned to inhibition by a subsequent exposure to FR at -22 or -8 h, as is the strongly promotive effect of FR at -14 h by FR at -8 h, whereas it is enhanced by FR at -2 h. Likewise, the inhibitory effect of FR at -8 h was turned to promotion by subsequent FR at -2 h, as was the inhibitory effect of FR at -22 h by subsequent FR at -16 or -2 h. This implies that the effect of the first interruption with FR-whether in setting the phase of the 12 h rhythm or in some other way preparing the plant for the light-dark transition-is largely eliminated or overridden by a later FR interruption before the dark period.
However, the results in Figure 6 and from two other experiments suggest that there may be some interactions between the first and second FR interruptions, particularly when the first interruption is given at a time when it is inhibitory to the subsequent flowering response, at either -22 or -8 h. Some such aftereffect is suggested by Figure 6 and was found in two other experiments, in that an initial interruption with FR at -22 or -8 h reduced the level of flowering below that expected from the response curve for single interruptions and extended the inhibitory phase. Second, in two experiments there was some irregularity in the -20/-14 h zone after an initial interruption by FR beginning at -28 h. Across all experiments, however, the predominant influence ofthe second FR interruption was apparent. This suggests that each FR interruption rephases the semidian rhythm, with the result that the second interruption is the operative one in determining the phase of the rhythm at the onset of the inductive dark period. Since dark interruptions act like those with FR (2), we should also expect a rephasing to occur at the beginning of the inductive dark period.
Rephasing by the Inductive Dark Period. As indicated by Figure 5 and discussed in the following paper (2), the promotive and inhibitory effects of 90 min interruptions with FR are also obtained with exposures to 5 min FR followed by 85 min of darkness. The phasing ofthe effect of the semidian rhythm is the same regardless of whether the light is interrupted by FR or darkness, which therefore allows us to examine whether the semidian rhythm continues through the inductive dark period and into the succeeding period in light. The results of one such experiment are presented in Figure 7 . The level of flowering in the control plants was such as to allow both inhibition and promotion to be expressed, as indeed it was with the usual time dependence for FR interruptions during the period of illumina- tion before the inductive dark period (Fig. 7a) . However, with exposures during the 12.3 h dark period (Fig. 7b) The results of a further experiment examining the effect of FR interruptions for 5 min at various times during dark periods of 1 1.5, 12, 12.5, and 24 h are given in Figure 8 . These indicate that FR was least inhibitory in the early part of the dark period and most inhibitory, with all dark period lengths, after 7.5 to 9 h. Thus, if the semidian rhythm does persist into the dark period, its phase is presumably shifted by up to 6 h by the light-offsignal at the start of darkness.
The results in Figure 7 give no evidence of the semidian rhythm of response to FR interruptions after the inductive dark period. If it persists it has no marked effect on the flowering response at that stage.
Associated Overt Rhythms. Evidence was sought of a 12 h rhythmicity in the physiological activity of Pharbitis seedlings growing in fluorescent light at 27C before the dark period began as possible "clock hands" for the semidian rhythm, but none 
CONCLUSIONS
The results presented here provide strong evidence for the existence of a rhythmic process which persists in prolonged light with a period of about 12 h at 27°C and which has a pronounced effect on the flowering response of Pharbitis seedlings to single inductive dark periods of a length encountered in nature.
The physiological nature of the semidian rhythm is unknown, as is its relation to any circadian rhythms affecting flowering response in Pharbitis seedlings. However, the semidian rhythm appears to differ from the circadian one not only in its period length but possibly also in several other respects. First, whereas the phasing of the circadian rhythm appears to be set by a lighton signal ( 14) , that ofthe semidian rhythm is set by the beginning of an interruption by FR or darkness, i.e. by a light-off signal (2) . Second, whereas only brief R interruptions may have a maximum effect on the expression of circadian rhythms (18) , the effect of FR interruptions on the semidian rhythm increases with their duration (2). Third, whereas circadian rhythms may be suspended or damped out in continuous light (13, 18) (Fig. 4) , (b) the period from imbibition or the light-on signal to the beginning of darkness (Figs. 3 and 4) , (c) the pre-dark temperature (Fig. 5) , or (d) the length of the dark period (Fig. 2) , there is a close coincidence in the effects of FR when related to the light-off signal at the beginning of the inductive dark period. Second, with two FR exposures (Fig. 6) , it was the timing of the second one in relation to the light-off signal that was predominant. Third, there was sometimes a tendency for the amplitude of the rhythmic effect on flowering to decrease when read back from the beginning of the dark period, but never when read forwards: the peak at -2 h and the trough at -8 h are always the most pronounced (Figs. 2-6 ). It seems, therefore that the semidian rhythm feeds forward to the light-dark transition, just as the effect of red interruptions during the inductive dark period depend on the time after that transition.
If the circadian rhythm affecting the flowering response and initiated by the light-on signal (14) was also operative under our experimental conditions, we should expect to see some evidence ofinteraction between the two rhythms. Where they are in phase, the second peak (-14 h) and trough (-20 h) could be reduced in amplitude, as we have occasionally found. Where they are out of phase, or if the semidian rhythm has a period rather longer than 12 h, some irregularities in the periodicity of the net response are to be expected, especially for the earlier FR interruptions. Interaction between the semidian and circadian rhythms could have as important consequences for photoperiodic processes as it has for tidal organisms (1, 12) . Such interactions could enhance the sensitivity of time measurement and, depending on the exact period of the semidian rhythm, could account for the sharp changes in daylength response in the 11 to 13 h range in Pharbitis nil and many other photoperiodic plants. It could also explain the need by many photoperiodic plants for a defined number ofinductive days. Overall, however, our results suggest that the predominant effect we are observing is that of the semidian rhythm on the flowering response.
No overt 12 h rhythm was evident in cotyledon inclination, photosynthetic rate, or stomatal conductance, nor any effect of prior FR exposures on assimilate export. However, a 12 h periodicity in the pelletability of Cucurbita phytochrome which is induced by exposure to light has been reported (5), as has a periodicity of about 12 h in the photoconversion characteristics of phytochrome in Pharbitis cotyledons (8) . Evidence of phytochrome involvement in the semidian rhythm described here is presented in the following paper (2) .
